Filaments of 100-A diameter have been identified in a variety of cells (e.g., fibroblasts, macrophages, neurons) (2, 4, 5, 7, 13, 15, 18) by an ultrastructure and distribution pattern that distinguishes them from microtubules (250 A), thick (myosin-like) filaments (150-220 A.), and thin (actin-like) filaments (50-70 A). These filaments, of still unknown function and chemical composition, are located usually in the center of cells rather than near the plasma membrane (4, 5, 13) , do not react with cytochalasin (13) or heavy meromyosin (7, 14) , and, in neurons, lack colchicine-and nucleotidebinding capacity (6, 16) . In the present study, these 100-A filaments were studied in the melanocytes of human skin. To examine the role of these filaments in melanin pigmentation, the skin was exposed to ultraviolet (UV) light.
MATERIALS AND METHODS
Investigation of the nature and function of 100-,~ filaments was carried out by exposing the melanocytes in human skin (21 adult volunteers: 9 caucasoids, 6 mongoloids, and 6 negroids) to two types of UV light and to two chemicals. Least-exposed (buttock) skin and habitually exposed (forearm) skin were irradiated with either long UV plus visible light (340-600 nm) for 20-30 rain or middle UV (280-340 nm) for 3 min to induce immediate (IT) and delayed (DT) tanning. IT occurs within a matter of minutes after exposure and fades within 3 24 h; it is related to translocation and the photo-oxidation of the pre-existing melanosomes in the skin. DT occurs after 48-72 h and lasts for 2-3 wk; it is related to an increase in the number of newly synthesized melanosomes in the skin (8) .
In vitro studies were carried out by incubating sliced human skin with cytochalasin-B (cyto-B) and vincristine sulfate (VCR) (5 10 ~tg/ml) separately for 3 h at 37~ (10) . For histochemical visualization of melanocytes, the specimen was prepared by splitting epidermal tissues with NaBr and incubating them in 3,4-dihydroxyphenylalanine (DOPA) solutions (8) . Electron microscope studies were done on tissues fixed with Karnovsky's solution (9) .
RESULTS

Distribution Pattern of I00-.4 Filaments before and after UV Irradiation
BEFORE IRRADIATION" The "split" epidermal sheets showed that the human melanocytes of nonexposed skin contain poorly developed dendritic processes (Fig. l a) . These melanocytes contained 100-A filaments (i 14 :~ 27 A in diameter). The 100-A filaments were abundantly and characteristically located around the nuclei, together with melanosomes ( Fig. 2 a-c) . In the buttock skin, these two organelles were not observable along the periphery of the perikaryon or in the dendrites. In the habitually exposed skin of the forearm, however, they were present in other parts of the perikaryon, as well as in the perinuclear area, but were hardly seen in the dendrites. The THE JOURNAL OF CELL BIOLOGY 9 VOLUME 65, 1975 9 pages 481-488 100-A filaments were so densely aggregated that they formed bundles containing 20-30 filaments and, rarely, as many as 200 (Fig. 2 b) , The filaments did not run a long course and were not parallel with each other (Fig. 2 c) .
The microtubules, which were much less prominent in comparison with the 100-A filaments, were also found around the perinuclear area ( Fig. 2 b) , and did not have any direct contact with the 100-A filaments. • 36,000. (c) A negroid. Note the clusters or bundles of 100-A filaments (F) present in the center of the perikaryon. In contrast to a caucasoid subject (Fig. 2 b) , the melanosomes (MS) are numerous, x 15,000.
BRIEF NOTES
BRIEF NOTES • 22,000.
A F T E R E X P O S U R E FOR T H E I M M E D I A T E T A N N I N G R E A C T I O N :
Attime0min, immediately after IT, the split-DOPA preparation showed that the dendritic processes of the melanocytes were markedly extended (Fig. 1 b) . A most notable change was observed in the distribution pattern of the 100-A filaments and melanosomes. The 100-A filaments were rarely seen around the nuclei after irradiation (Fig. 3 a) . The aggregates, or bundles, of intermingling 100-A filaments were invariably seen shifting from the perinuclear area toward the dendrites (Fig. 3 a) . Melanosomes were prominent in the dendrites and were closely associated with the bundles of 100-A filaments. Occasionally, the melanosomes appeared to be encircled by a "network" of IO0-A filaments. In the tip of the dendrites, the melanosomes were occasionally located outside the network of interlocking 100-A filaments (Fig. 3 b) . The 100-A filaments were never closely associated with plasma membrane, even after an irradiation. The microtubules were seen in the periphery of the perikaryon and, very rarely, in the dendrites (Fig. 3 a, b ). They were located beyond the 100-A filament bundles and close to the plasma membrane of the dendrites.
At 24 h after IT, the elongated dendrites became less extended (Fig. 1 c) . The 100-A filaments became densely aggregated in the perinuclear area. The melanosomes in the melanocytes became less visible.
A F T E R E X P O S U R E F O R T H E D E L A Y E D
TANNING REACTION~ At day 5, the split-DOPA preparation showed marked elongation and arborization of the dendrites and hypertrophy of the perikaryon of the melanocytes (Fig. 1 d) .
The 100-A filaments and melanosomes showed again a distinct distribution pattern. In contrast to FIGURE 5 Cytochalasin-and vincristine-treated skin.
(a) UV-irradiated caucasoid buttock skin treated with cyto-B (10 #g/ml) for 3 h. Although the membranous structures around the melanocyte (MC) and keratinocytes (KC) are swollen, the 100-~ filaments in the melanocyte do not appear to be affected by cytochalasin, and form clusters or bundles in the perinuclear areas as well as in the dendrites. Note that the bundles of 100-,~ the findings after IT, the 100-A filaments and melanosomes were present in the dendrites and in the perikaryon. In the perikaryon, the 100-A filaments were found either forming bundles or scattered randomly around the melanosomes. In the dendrites, the microtubules were still very rarely seen. Again, as after IT, melanosomes were scattered among the aggregates of 100-A filaments and some of them appeared to be encircled by these filaments. At day 10, the perikaryon and dendritic processes of the melanocytes became less prominent than they were at day 5 (Fig. 1 e) . Throughout the entire perikaryon, most of the melanocytes contained diffusely scattered 100-A filaments, microtubules, and melanosomes (Fig. 4 a and b) .
Changes in the Number of Melanosomes in Epithelial Cells after U V Irradiation
Before and after irradiation for IT, the melanosomes per cell were counted, under the electron microscope, in 50 basal epithelial cells in 10 subjects of three races. After IT, a significant increase in the number of melanosomes was seen in the epithelial cells (to which melanosomes are normally transferred). Because the biopsies were taken immediately after 20-min UV irradiation, and new synthesis of melanosomes takes place at 24-48 h after exposure (8), we suggest that the significant increase of melanosome densities is related to translocation of the 100-A filaments, followed by actual transfer of the melanosomes from the melanocytes into the epithelial cells.
Effect of Cytochalasin-B and Vincristine Sulfate on the Melanocytic Filaments
In the tissue incubated with cyto-B, there were no obvious changes in the distribution pattern and ultrastructure of the 100-A filaments (Fig. 5 a) , whereas in other tissues taken from the same donors and incubated with VCR in the same manner, the melanocytes contained aggregates of lattice (5 ug/ml) or crystalloid (10 #g/ml) forms (Fig. 5 b) , These aggregates, however, did not have filaments run a long course in the center of the dendritic process (arrows). x 10,000. (b) Unirradiated caucasoid buttock skin treated with VCR (5 zg/ml) for 3 h. Note the bundles of 100-• filaments (F) and the aggregates of a lattice pattern (LP). x 43,500. any direct continuities with the bundles of 100-A filaments.
DISCUSSION
The present study clearly indicates that human melanocytes in vivo contain 100-A filaments but no thin (i.e. 50-70 A) filaments. It may, however, be possible to find these thin filaments in melanocytes in vitro, in which some kind of organelle may be necessary to maintain the attachment of melanocytes to the surface of the culture glass and also, probably, to cause the locomotion of the melanocytes. Wikswo and Szabo (17) found that cultured guinea pig melanocytes contain thin (30-70 A) and thick (60-110 A) cytoplasmic filaments. Jimbow and Davison, however, found that these guinea pig melanocytes in vivo, like human melanocytes, do not contain any of these thin filaments, (K. Jimbow, and P. F. Davison, unpublished data). They also found two types of cytoplasmic filaments (intermediate [100-A], and thin [50-70 A] filaments) in cultured retinal pigment epithelium, which contains another type of melanosome-synthesizing cell and is derived from the optic nerve cup. The 100-A filaments in the cells of these tissues were located primarily in the perinuclear area and endoplasmic regions, whereas the 50-70-A filaments were just beneath the plasma membrane, exhibiting periodic densities, or Z bands (18) . We presume that 100-A filaments in human melanocytes are involved in the elongation of the dendrites as well as in the movement and transfer of melanosomes. We do not think that microtubules are directly involved in the melanosome movement, although they may be involved in the elongation of the dendrites. This assumption is based on our findings that (a) melanocytic filaments changed their location while the dendrites changed their shape after the UV irradiation; (b) the melanosomes changed their location, shifting from the perinuclear region to the tip of the dendrites, and thus more of them were transferred to the epithelial cells during this reaction (Table I) ; (c) melanosomes in the dendrites were embedded in bundles of the 100-A filaments and were intimately encircled by some of them; (d) there was no morphologic interconnection between microtubules and melanosomes whatsoever; and (e) microtubules were very rarely seen in the dendrites.
Our present study greatly differs from previously reported studies indicating that intramelanocytic movement of melanosomes is mediated through microtubules or cytochalasin-sensitive thin filaments (1, 11, 12). Robison and Chadton, however, recently found that cytochalasin and vincristine do not inhibit the movement of pigment granules in chromatophores (15) , thus correlating with our assumption that the cytochalasin-insensitive and vincristine-insensitive 100-A filaments, not the microtubules, promote the translocation of melanosomes. Their findings that cytochalasin does, however, inhibit the development and elongation of chromatophore dendrites may be explained by the data of Everhart and Rubin (3), who BRIEF NOTES found that the surface of the plasma membrane, rather than the 50-70-A filaments, is the primary site for the effect of cytochalasin. The melanocytic filaments appear also to be involved in the transfer of melanosomes from the melanocytes to the epithelial cells, inasmuch as there is an increase in the number of melanosomes transferred to the epithelial cells during the rapid translocation of the 100-A filaments (Table I) .
SUMMARY
Human melanocytes characteristically contain 100~/~, filaments. These 100-A filaments shift from the perinuclear area to the center of the dendritic processes and are in close association with melanosomes during the different stages of UV-mediated melanin pigmentation. We suggest that these 100-A filaments in human melanocytes participate in the elongation of the dendrites and in the transfer of melanosomes.
